FRUIT VINEGAR FROM RAW MATERIAL FLAVORFUL ACID CITRUS FRUIT 
JUICE AND METHOD FOR PRODUCING THE SAME 



■ BeLailed Description of Lhu Iuvmi L i u ** _ 

Technical Field of the Invention 

The present invention relates to a fruit vinegar prepared 
by using as a raw material the juice of flavorful acid citrus 
fruit with unique flavor and high acid content, such as lemon 
and lime, and a method for producing the fruit vinegar. 
Prior Art 

Generally, fruit vinegar is produced by decomposing sugar 
contained in a raw material fruit juice through alcohol 
fermentation into alcohol, and adding acetic acid bacteria 
thereto to induce therein acetic acid fermentation. If the 



sugar contained in the raw material is 1 c oo , the alcohol 
concentration may be sometimes elevated by adding alcohol as a 
raw material after alcohol fermentation. The raw materials to 
be generally used are mainly apple and grape, and^ no example of 
successful industrial production of fruit vinegar with rich 
body and good flavor, comparable to those of apple vinegar and 
wine vinegar, J>^uding . citrus fruit, specifically flavorful acid 
citrus fruit (lemon, lime, yuzu (fruit of Citrus j unos ) , kabosu 
(fruit of Citrus sphaerocarpa ) , sudachi (fruit of Citrus 
sudachi ) , Shiikuwasha (fruit of Citrus depressa , etc.) with 
unique flavor and high acid content ( 3 to 8 %) , h an boon known. * 



It is without doubt that natural fruit vinegar has been 
known from flavorful acid citrus fruit as raw material, but 
— 4rfre-natural fruit vinegar is a common name of fruit juice 
squeezed from flavorful acid citrus fruit (for example, kabosu 
vinegar, yuzu vinegar, etc.), so said vinegar is different from 
fruit vinegar through acetic acid fermentation. 

Brewed vinegar is a liquid seasoning, prepared by 
subjecting "moromi" (unrefined alcoholic product) prepared from 
raw material such as grain, fruit (including processed food such 
~ as squeezed juice of fruit, fruit liquor, etc., which is also 
* applied hereinafter), sugar, saccharif ication solution of 
% saccharide, etc. as raw material, "moromi" with addition of 
3 alcohol, or alcohol, etc. to acetic acid fermentation, 
N= and any brewed vinegar is widely used as 
□ seasoning with acid taste and with unique flavor, like 

3 the natural fruit vinegar described above (kabosu vinegar, yuzu 
£S vinegar, etc.). Because^feitating odor of acetic acid and odor 
~ derived from raw materials such as grain smell strongly from 

brewed vinegar, some lo^^ the vinegar very much but others hate 
the vinegar. And a flavorful acid citrus fruit juice has 
refreshing flavor, compared with brewed vinegar, but flavorful 
citrus juice is poor in terms of savory taste, and therefore, 
C* the juice does not taste rich -s-ertr±-s-£av Lui i 1 y : 

Problems to be solved by the Invention 
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in such circumstances of the state of the art, the present 
invention has been attained for the purpose of producing good 
fruit vinegar from fa^ateriai flavorful acid citrus fruit, 
namely fruit vinegar from fruit as the raw material at its total 
amount used being 100 g or more as juice per one liter of brewed 
vinegar . 

Means for Solving the Problems 

So as to attain the object, the present inventors have made 
investigations from various standpoints, and have focused their 



attention to citric acid, as one d^S?^ between 
flavorful acid citrus fruit juice and fruit juices of apple and 



£@j/to of intensive examinations of the properties 



grape . 

As the 

of citric acid, attention has been focused on the fact that the 
pH -tjcr aoidity is lower in citric acid than in acetic acid. 
Actually it was confirmed that when the concentration of citric 
acid was elevated in fruit juice, the pH was rapidly lowered; 
it was confirmed for example that the pH of 30 mg/ml citric acid 
was lowered to or below 2.5. If a fruit juice containing much 
citric acid is used for "mororai", the activity of acetic acid 
bacteria is damaged owing to lowering of the pH of the "moromi". 
Therefore, fruit juice not-containing so much citric acid, such 
as apple juice or grape juice, can be readily subjected to acetic 
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acid fermentation, so that apple vinegar and grape (wine) 
vinegar can be prepared. For "moromi", however, flavorful acid 
citrus fruit juice with higher citric acid content can be used 
only at a fruit juice concentration (0 to 10 %) with less 
effect on pH, and therefore, it is impossible to produce fruit 
vinegar from such fruit juice according to a conventional 
method • 

It is surely possible to add an alkali agent to "moromi", 
so as to elevate the pH of the "moromi", of which pH has been 

_ decreased due to the use of fruit juice, but because the 

addition of an alkali agent affects severely the flavor of the 

=P resulting fruit vinegar, it is impossible to produce fruit 

? vinegar with natural flavor unique to flavorful acid citrus 

fruit; because of the addition of the alkali agent, essentially 

3 natural fruit vinegar cannot be made or the resulting product 

cannot be - ^d^^fft'h^ label of - fruit vinegar, 
y3<!> Therefore, after examination with attention again drawn^H 

" the relation between the content of citric acid and pH, the 

inventors have firstly focused their attention to the fact that 
the pH is decreased to or below 2.5 at a citric acid content of 
30 mg/ml in fruit juice, but the pH is increased to 3 . 0 or more 
at a citric acid content of 10 mg/ml. Based on the finding, the 
present inventors have intended to reduce or remove completely 
citric acid per se from flavorful acid citrus fruit juice, 
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thereby producing fruit vinegar, whereby the primary object 
can be achieved. After intensive investigations, the 
inventors have confirmed that the objective fruit vinegar can 
be produced, and then, the present invention has been achieved 

successfully. y^fa ^^/^^J 

The present invention relates to a method for producing 
fruit vinegar which comprises subjecting a flavorful acid citrus 
fruit juice with a low citric acid content or its dilution, in 
the presence of alcohol (ethanol), to acetic acid fermentation 
O by acetic acid bacteria. 

r: The present invention is summarized as a method for 

% producing fruit vinegar characterized by using, as a raw 
ffi material, a flavorful acid citrus fruit juice with a citric acid 
f content reduced to 50 % by weight or less of the natural citric 
O acid content ( 3 to 8 % ) or a flavorful acid citrus fruit juice 
P with a citric acid content reduced by 50 to 100 % by weight of 
3 the natural citric acid content ( 3 to 8 % ) in a flavorful acid 
^ citrus fruit juice by acid reduction treatment, as a means for 
producing fruit vinegar with natural flavor unique to flavorful 

acid citrus fruit. - - -, 

The acid reduction treatment i^Sa treatment for reducing 
£ or removing^p^t"^r- the ^fetf citric acid contained in 

fruit juice, in the present invention, it is desirable to remove 
an amount of citric acid corresponding to 50 to 100 % by weight 
of the whole amount of citric acid contained in fruit juice to 
adjust the pH of fruit juice to 3.0 or more. The treatment 
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method includes a method for reducing the content of citric acid 
in fruit comprising a process of dosing solutions of vitamin 1> - 
group to- tree^^6^^^ the citric acid 

content in fruit, and a method for removing a part or the whole 
of citric acid contained in fruit juice from the fruit juice, 
comprising adding calcium carbonate the fruit juice and then 
° removing generated precipitate or subjecting the fruit juice to 
removal by adsorption in resin treatment (for example, contact 
with anion exchange resin). Juice with less amount of citric 
Q acid contained in the natural fruit juice may be used as it is 
with no acid reduction treatment, or both may be blended 
togetner /)if necessary . 

The dilution of the flavorful acid citrus fruit juice is 
a solution obtained by diluting said juice with at least one 
5 selected from the group consisting of water, an aqueous solution 
?f of glucose, various fruit juices each ^having J. low citric acid 
5 content such as apple juice and grape juice, sacchar if ication 
solutions of starches such as potato, and sacchar if ication 
solutions of grain flours such as maize flour (corn flour). 

In the dilution, the desirable concentration (use amount) 
of the flavorful acid citrus fruit juice is not less than 10 % 
by weight and is less than 100 % by weight. 
A In order to the flavorful acid citrus fruit juice or 

its solution sene e — &€ alcohol (ethanol) , said juice or 
said dilution is subjected, as it is or after addition of sugar, 
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to alcohol fermentation or/and receives addition of alcohol or 
an aqueous solution of alcohol. 

in the present invention, the flavorful acid citrus fruit 
juice with a low citric acid content or its dilution is 
subjected, as it is or after addition of sugar, to alcohol 
fermentation . 

The sugar to be added includes glucose, sucrose and 
substance obtained by decomposing of saccharide, etc. Other 

to be used include* nutritive source for yeast composed 
of glucose, mineral, yeast extract and vitamins; 
these sugar and nutritive source, 
etc. are desirable to promote the alcohol fermentation. 

The alcohol fermentation is started by addition of yeast. 
The yeast to be used includes yeast for "sake" and yeast for 
wine, etc.; for example, Nippon Jozo Kyokai yeast No. 7, etc., 
which are commercially available, are desirable. 

The alcohol fermentation, which is carried out in the 
temperature range of about 10 to about 30 °C in a fermentation 
tank, is terminated in about a week, and if necessary, brewed 
vinegar is added thereto to facilitate the acetic acid 
fermentation, thereb^^oromi" ^ftf^w*. 

In the present invention, "moromi" for the acetic acid 
fermentation may be prepared by alcohol fermentation or/and by 
addition of an aqueous 10 to 20 % alcohol solution. The alcohol 
concentration of "moromi" for the acetic acid fermentation is 
desirable to be about 4 % to about 6 %; 5 % is suitable for the 
start of the acetic acid fermentation. 

"Moromi" prepared by the alcohol fermentation or/and by the 
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addition of alcohol is poured into a commercially available tank 
(acetator) for acetic acid fermentation in which aeration can 
be carried out, and alcohol concentration is controlled by 
addition of water or alcohol if necessary, and acetic acid 
bacteria are inoculated and nutritive source composed of 
inorganic salts comprising phosphate and ammonium salt, etc. is 
added, in order to start the acetic acid fermentation. 

The acetic acid fermentation is started by inoculation of 

acetic acid bacteria. 

As acetic acid bacteria in the present invention, any 
acetic acid bacteria, e.g., acetic acid bacteria for rice 
vinegar or other vinegar, may be used that can produce 
acetic acid. For example, Acetobacter aceti IFO 3281, 
Acetobacter aceti IFO 3283, Acetobacter aceti IFO 14818, 
and Acetobacter pasteurianus IFO 14814, etc. can be used 
effectively . 

It is desirable that such acetic acid bacteria are first 
cultured to make seed culture and then the obtained seed 
culture is added into the tank. 

The acetic acid fermentation may be carried out by a rapid 
brewing method in the temperature range of about 25 to 
about 35 °C with aerating for about a week to about 10 days. 

It is desirable to bring about the elevated final concentra- 
tion of acetic acid by adding, one time or _plural. times from time 
to time or on occasion, alcohol or an aqueous alcohol solution 
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between the initiation of the acetic acid fermentation 

and the end thereof. Generally, it is desirable to elevate the 

acetic acid concentration to about 10 % by adding of an aqueous 

20 % alcohol solution at about 4 hour intervals in an amount of 

10 % by weight based on the amount of "moromi", to which water 

has been added, to be subjected to the acetic acid fermentation. 

Further, it has been found that if desired, when a common 

flavorful acid citrus fruit juice is added in an amount of 0.01 

to 10 % J^nClatter half of the acetic acid fermentation, a 
A 

feature of flavorful acid citrus fruit is exhibited more 
effectively without damaging the acetic acid fermentation. The 
addition of a common flavorful acid citrus fruit juice enhances 
flavor and taste. When a common flavorful acid citrus fruit 
juice is added at one time or plural times at from the middle 
stage to the last stage of the acetic acid fermentation, mild 
flavor and taste are exhibited without suppressing the acetic 
acid fermentation. 

A rapid brewing method wherein the period of fermentation 
time is short is better, as a method of the acetic acid 
fermentation, in producing fruit vinegar having outstandingly 
a feature of flavorful acid citrus fruit but not having 
undesirable flavor and taste. 

After the acetic acid fermentation, the obtained 
fermented solution was allowed to stand for formation of 
sediment, and is, further, ripened in a tank therefor, and is, 



then, subjected to ultrafiltration to give a final product. 

After the acetic acid fermentation or after its ripening, 
in the case that the fermented solution is not subjected to 
sterilizing by heating but subjected to ultrafiltration to 
remove bacteria, fruit vinegar is produced which retains flavor 

specific to a/^^)-^S^ rkably ' 

Examples of the present invention are described hereafter. 

Example 1 

A method for producing lemon vinegar from lemon juice as 

jfe* of flavorful acid citrus fruit juice, which is an example of 
/J 

the production method of the present invention, is as follows. 

As a raw material, was used 100 kg of acid reduced lemon 
concentrated juice (Bx: 30, acidity: 2.0 %) after acid reduction 
treatment for removing about 90 % of^cVtric acid contained in 
the fruit juice; the acid reduction treatment was carried out by 
addition of calcium carbonate to the fruit juice, followed by 
removing the generated precipitate. 

The acid reduced lemon concentrated juice was placed in a 
tank, followed by addition thereto of Nippon Jyozo Kyokai yeast 
No. 7, and^nutritive source for yeast composed of glucose, 
mineral, yeast extract and vitamins. Then, alcohol fermentation 
was carried out in the temperature range of 20 to 30 °C for 
about a week to produce "moromi". 

The obtained "moromi" was poured into a fermentation 
tank (acetator) for a rapid brewing method. Into the 
acetator was added water to give the solution of 
about 500 liters in total. To the solution was 
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added the seed culture of acetic acid bacteria Acetobacter aceti 
IFO 3281 as well as nutritive source composed of inorganic salts 
2s (phosphate, ammonium salt, etc.), thu^^et^c^^cid fermentation 
(2, - being initiated at 25 °C with aerating. While monitoring the 
residual alcohol concentration in the acetator, an 
aqueous 20 % alcohol solution was added thereto in 
an amount of 5 to 10 % at about 4 hour intervals, 
thereby the total solution volume becaming 

900 liters. When the acetic acid fermentation progressed 

S until the alcohol concentration in the acetator reduced to 1.5 

%, a common lemon juice of 100 kg was added into the acetator to 

2^ continue the fermentation until the alcohol concentration 

D 

n reduced below 0.1 %. Thereafter, water was added thereto until 

~" the acetic acid concentration reached about 10 %. The water- 

« added solution was allowed to stand for formation of sediment, 

and then subjected to ultrafiltration to remove bacteria to 

finally produce a lemon vinegar of a total volume of 1000 liters 

(Bx: 9, total acidity: 11 % (as acetic acid acidity); acetic 

acid concentration: 10 %) . 

ds The lemon vinegar thus produced has^good refreshing lemon 

flavor and less ^fea^lft ^dor of acetic acid, compared with 

A 

grain vinegar at the same concentration of acetic acid. When 
used in cooking, the whole taste was felt to be mild, 
compared with the taste when grain vinegar was used. 
Example 2 

fa, As a raw material, was us e d 100 kg of acid reduced lemon 
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^ concentrated juice/^f^ icidity: 2.0 «) after acid reduction 
treatment for removing about 90 % of citric acid contained in 
the fruit juice; the acid reduction treatment was carried out by 
addition of calcium carbonate to the fruit juice, followed by 
removing the generated precipitate. 

To an acetator, were poured said acid-reduced juice of 100 
kg and an aqueous 20 % alcohol solution of 100 liters, and water 
to prepare a total solution volume of about 500 liters. To the 
resultant solution, was added nutritive source composed of 
lj?Ls inorganic salts (phosphate, ammonium -eat±r etc.) and was 
£ inoculated the seed culture of acetic acid bacteria Acetobacter 
J aceti 14818. Thus, acetic acid fermentation was initiated at 
25 °C with aerating. When monitoring the residual alcohol 
concentration in the acetator, an aqueous 20 % alcohol solution 
'J was added thereto in an amount of 5 to 10 % at about 4 hour 
^ intervals, thereby the total solution volume becaming 900 liters, 
p/ When the alcohol concentration/rfduced/telow 0.1 %, water was 

added thereto to prepare a total solution volume of 1000 liters. 
The solution of 1000 liters was allowed to stand for formation of 
sediment, and then subjected to ultrafiltration to remove 
bacteria to finally produce a lemon vinegar of a total volume of 
1000 liters (Bx: 8, total acidity: 10 % (as acetic acid acidity); 
acetic acid concentration: 10 %). 
Advantages of the Invention 

in accordance with the present invention, fruit vinegar 
can be produced from flavorful acid citrus fruit, which has 



never been hitherto produced. The fruit vinegar has advantages 
of both natural fruit vinegar and brewed vinegar. In other 
words, the fruit vinegar has absolutely no odor from grain or 
fU the like but hasifefreshing flavor unique to flavorful acid 
citrus fruit, functioning to reduce the 4u i Lutiot f odor of 
acetic acid, as frequently observed in other fruit vinegars. 
Therefore, even if this vinegar is used as it is for cooking, 
individuals who hesitate to take vinegar can satisfactorily take 
the vinegar. Furthermore, compared with natural fruit vinegar, 
q the preservability and quality are stable, the savory taste is 
£ strong and the taste is thick and deep. When used in cooking, 
% this vinegar can give complex taste with no development of 
5 acetic acid taste but with rich taste due to the savory taste 
H* and the like. 

S Accordingly, "sunomono" (dishes dressed with the vinegar) 

J with less ^A^A or of acetic acid, can be prepared, and 
3 persons hesitating to take brewed vinegar can take the 
" dishes. If the vinegar is used for "sumeshi" (vinegar-added 

cooked rice for "sushi" (fish and rice, shellfish and rice, etc., 
caked respectively)), "sumeshi" for "chirashizushi" (an uncaked 
"sushi" in which various food materials such as sliced meat of 
fish are put on the whole of the top of "sumeshi") can be made 
which is more refreshing than "sumeshi" using conventional 
brewed vinegar. Additionally, some persons drink fruit vinegar. 
If the fruit vinegar of the present invention is used, drinks 
with less IffiM Toaor and^s^to drink than those from 
other fruit vinegars can be prepared. 



